Some properties of Triatoma virus (TrV), a picorna-like virus recently isolated from Triatoma infestans, have been studied. Electron microscopic observations of purified viral preparations showed the presence of non-enveloped viral particles 30 nm in diameter. The sedimentation coefficient of virus particles was about 165S and the buoyant density in CsC1 was 1.39 g/ml. The viral genome was composed of one singlestranded RNA molecule with an Mr of 3 x 106. Three major polypeptides with Mr values of 39K, 37K and 33K and a minor one of about 45K were found in the virus particle. TrV particles contain about 35 ~ RNA and 65 ~ protein by weight. These data support the classification of this virus in the family Picornaviridae.
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The triatomine bug Triatoma infestans is one of the most important vectors in South American countries of the flagellate protozoan Trypanosoma cruzi. Chagas disease is the chronic disease resulting from infection with this parasite. In 1984 a survey of viral pathogens of triatomines was started in order to identify potential biological control agents. Recently we have described two cases where picornavirus-like particles were observed in Triatoma (Muscio et al., 1987) . In one case the particles were detected by electron microscopic observation of the abdominal content of a fifth instar nymph, which was found dead in a laboratory colony of triatomines. The other observation reported was also by electron microscopy during a survey of the abdominal contents of insects collected from areas of north-western Argentina where Triatoma is endemic. In both cases the virus particles were morphologically indistinguishable from each other.
Although a large number of small RNA viruses have been isolated from insects, only three have been classified as members of the family Picornaviridae (Matthews, 1982) . Therefore, we investigated biochemical and biophysical properties of this Triatoma virus in order to provide evidence for its classification in the picornaviruses. Here we report some properties of purified particles of the virus isolated from the laboratory colony, which has been designated Triatoma virus (TrV).
TrV was grown in healthy insects as previously described (Muscio et al., 1987) . Briefly, the abdominal contents of dead insects were macerated in Grace's medium (Grace, 1962) and contaminating bacteria were removed by centrifugation at 17000 g for 30 min at 4 °C. Fifth instar nymphs were injected with 3 ~tl of extract into the haemocoel. All insects receiving material from infected nymphs died within 36 h. Abdominal contents of dead insects were collected, suspended in NMT buffer (0.01 M-NaC1, 0.001 M-MgClz and 0.05 M-Tris-HC1 pH 7.4), homogenized, clarified for 5 min at 17000g and layered on top of a 30 ml t0 to 30~ (w/v) sucrose gradient prepared in the same buffer. Usually, material recovered from 10 insects was resuspended in 5 ml of buffer. Gradients were run for 3 h at 22000 r.p.m, at 4 °C in an SW25 Beckman rotor. Fractions of 1 ml were collected by puncturing the bottom of the centrifuge tube, and the position of the viral peak was determined by measuring the OD260 of each fraction. Fractions containing the virus were diluted in NMT buffer, sedimented, resuspended 0000-8238 © 1988 SGM in a small volume (0-5 to 1 ml) of buffer, layered on top of a 5 ml CsC1 cushion (1.34 g/ml) and centrifuged for 18 h at 45000 r.p.m, at 4 °C in an SW50.1 Beckman rotor. The light-scattering band was collected, diluted and the virus was sedimented and resuspended as indicated above. This preparation was used for further biochemical and biophysical analysis.
Short communication
Purified virus particles were diluted in distilled water, negatively stained with 2~ (w/v) uranyl acetate as described previously (Vasquez et al., 1979) and observed under a JEM-100C electron microscope (Jeol, Tokyo, Japan). A large number of roughly spherical particles of about 30 nm in diameter (resulting from the measurement of 200 particles) could be seen (Fig. 1 ). Empty particles were not observed in this preparation. The same results were obtained when phosphotungstic acid was used as the stain instead of uranyl acetate.
The buoyant density of the virus was determined by analytical centrifugation. Approximately 2 OD26 o units of purified virus in 0.5 ml of N M T buffer was layered on top of an 11 ml CsCI cushion (1.34 g/ml) in N M T buffer and centrifuged at 20 °C in an SW41 Beckman rotor at 39000 r.p.m, for 18 h. Fractions (0.5 ml) were collected by puncturing the bottom of the tube. Density of the viral particles was determined from measurements of the OD26 o and the refractive index at 20 °C of each fraction. A symmetrical peak was observed at 1.39 g/ml (data not shown). The sedimentation coefficient of purified TrV particles was determined in sucrose gradients relative to those of foot-and-mouth disease virus (FMDV) full and empty particles. Purified full and empty FMDV particles, having an OD260 of <0"01 but radioactively labelled with [35S]methionine were prepared as previously described (Vasquez et al., 1981) . The labelled virus was mixed with purified TrV particles (OD260 = 2), and the sample was layered on top of a 10 to 30~ (w/v) sucrose gradient in NMT buffer and centrifuged for 80 min at 39000 r.p.m, at 4 °C in an SW41 Beckman rotor. The gradient was then fractionated, and the position of the two viral peaks in the gradient was determined by measurement of the OD26o and radioactivity of each fraction. Purified TrV appeared as an homogeneous peak (not shown); taking the sedimentation coefficients of full and empty particles of FMDV as 140S and 75S (Bachrach, 1968) , the value for TrV was estimated to be about 165S.
Purified virus was diluted with NET buffer (0.1 M-NaC1.0.001 M-EDTA and 0.05 M-Tris-HC1 pH 7.4) containing 0.59/0 SDS, and extracted twice with phenol-chloroform (Perry et al., 1972) . The aqueous phase was precipitated with 2.5 volumes of cold ethanol. The precipitate was washed three times with ether, resuspended in a small volume of distilled water and RNA was quantified spectrophotometrically at 260 rim; FMDV RNA and total cytoplasmic RNA from BHK cells, which were used as Mr markers, were prepared as described previously (Denoya et al., 1978) . Viral and ribosomal RNA (approx. 2 to 4 ~tg each) were glyoxylated as described by McMaster & Carmichael (1977) and electrophoresed in a 1 ~ agarose gel in 0-01 M-phosphate buffer pH 7.0. After electrophoresis, RNA bands were visualized by staining with Stains All (Dahlberg et al., 1969) . Fig. 2 shows TrV and marker RNAs analysed under these conditions. TrV genomic RNA showed a slightly lower electrophoretic mobility when compared with FMDV RNA. Taking the Mr of the standards as 2-7 x 106 (FMDV RNA), 1.65 x 106 (28S RNA) and 0.65 x 106 (18S RNA) (Denoya et al., 1978) the Mr ofTrV RNA was estimated to be about 3-0 × 106. When the analysis was performed without denaturation with glyoxal the Mr of TrV RNA was slightly higher (3.2 x 106) (data not shown). Since it has been shown that the glyoxylation method can be used for obtaining reliable Mr estimates for both DNA and RNA molecules, independent of secondary structure, we assume the first value to be the more accurate.
Pretreatment of the sample with 0.1 ~tg]ml of pancreatic ribonuclease at high ionic strength (0-4 M-NaC1) converted all the stainable material into a broad band migrating ahead of the tRNA marker (not shown). On the other hand the sample remained unaltered after treatment with 1 p.g/ml of deoxyribonuclease I. Therefore it can be concluded that the virus nucleic acid is a single-stranded RNA molecule.
The RNA concentration of highly purified virions was determined by the orcinol procedure (Shatkin, 1969) using yeast RNA as a standard. Protein concentration was determined according to Lowry etal. (1951) , using bovine serum albumin as the standard. Using this methodology the composition of virions was found to be 359/0 RNA and 65~ protein. These values are in the range expected for a picornavirus (Matthews, 1982) .
Proteins extracted from purified TrV particles were analysed by means of one-and twodimensional (2D) gel electrophoresis. Proteins were stained with Coomassie Brilliant Blue, and occasionally after such staining the gel was also stained with silver nitrate (Merril et al., 1981) . Following analysis on 10 or 12-59/oo polyacrylamide gels (Laemmli, 1970) only one band of approx. 30K was observed (not shown). However, as shown in Fig. 3(a) analysis on a 12.5~ polyacrylamide gel containing 8 M-urea (Matheka & Bachrach, 1975) of 10 ~tg of purified TrV disrupted by boiling (5 min at 100 °C) in 30 p.1 of Laemmli sample buffer allowed the resolution of the viral capsid proteins into more than one species. Three clearly separated major bands were observed after the gel was stained with Coomassie Brilliant Blue. The three polypeptides were present in roughly equimolar proportion and their Mr values were about 39K, 37K and 33K as deduced from the comparison with Mr standards; the proteins were designated VP1, VP2 and VP3 respectively. Further staining of the gel with silver nitrate allowed the visualization of two minor components of Mr 44K and 45K. Several virus preparations showed, instead of this doublet, a single band at about the same position. We have indications that this band corresponds to a single polypeptide that under slight alterations in the running conditions appears as a doublet (O. A. Muscio, unpublished observations) . We designated the minor polypeptide(s) VP0. Fig. 3 (b) shows the same sample analysed on a 2D gel. Approximately 40 ~tg of purified TrV particles was resuspended in electrofocusing sample buffer (O'Farrell et al., 1977) and isoelectrofocused in equilibrated pH gradients in cylindrical gels prepared according to O'Farrell et al. (1977) . The second dimension was on 12.5~ polyacrylamide gels as described above. After running, proteins were stained with Coomassie Brilliant Blue and then with silver nitrate. The approximate isoelectric points of VP1, VP2, VP3 and VP0 were 5-5, 6.3, 6.6 and 6.65 respectively.
The data presented in this paper show that TrV is a small, non-enveloped insect virus which has many of the physicochemical properties of the mammalian picornaviruses. Virion morphology and size, the composition of its genome as well as its buoyant density and sedimentation coefficient coincide with the general characteristics of picornaviruses. The TrV capsid is composed of three major (VP 1, -2 and -3) and one minor (VP0) structural polypeptides, having characteristics similar to those of the mammalian members of the Picornaviridae family. However, in our studies we were not able to detect a polypeptide equivalent to VP4 of picornaviruses. Although we do not know the reason(s) for this it is not an exclusive feature of TrV, since other putative members of the invertebrate picornaviruses such as cricket paralysis virus (Moore et al., 1980) also lack VP4.
At present we are studying additional features of the TrV genome, such as the presence of a poly(A) tract at the 3' end of the R N A molecule and the possible presence of a protein (VPg) The gel is presented in the same orientation as in (a). The proteins were visualized by Coomassie Brilliant Blue plus silver staining. The positive-to-negative polarity was from right to left. The pH gradient was as follows: region 1, 5.75; region 2, 5-95; region 3, 6.30; region 4, 6.48; region 5, 6-60; region 6, 6-70. covalently linked to its 5' end. Hopefully, these data will justify the classification of this new virus into the Picornaviridae. Although TrV was isolated from a laboratory colony, similar viruses infecting wild populations of triatomines have been detected. The biochemical and immunological relationships among wild and laboratory TrV isolates are now under investigation. This work was supported by the National Research Council of Argentina.
